The radar signal intercept problem under complex signal environment has been a research hotspot in the field of electronic reconnaissance. A kind of radar signal intercept receiver which has 500 MHz instantaneous bandwidth is proposed to receive multiple simultaneous radar signals and to give phase difference information to signal sorting. The channelized efficient architecture of odd arrangement is adopted and the parameters such as carrier frequency, pulse width, phase difference and so on are measured. The channelized efficient architecture of odd arrangement and the method of phase difference extraction are verified correct through computer simulation.
Introduction
The primary task is signal sorting for complex electromagnetic environment in order to realize capturing and tracking to radar signals. The radar signal sorting is the important content in radar countermeasure, reconnaissance and signal processing and is also the premise and basis of the radar feature extraction, recognition and threat assessment. The traditional signal sorting common uses Pulse Amplitude (PA), Pulse Width (PW), Time of Arrival (TOA), Carrier Frequency (CF) to sort signals and a threat signal will be tracked and measured for direction finding [1] . It is difficult to sort signals according to the parameter changing seriously in the increasingly complicated battlefield environment. Because the radar can not change rapidly its position, angle of arrival is a valuable parameter to realize radar signal sorting. With the development of digital receiver technology and high speed ADC device, it is impossible to get pulse description words through some related technology.
The radar intercept receiver scheme is proposed in the paper. The radar intercept receiver has 500 MHz instantaneous bandwidth and can receive multiple radar signals which reach at the same time. It is especially suitable for receiving the frequency agility radar. Digital channelized technology is used to increase 12 dB sensitivity of radar intercept receiver. The angle of arrival information as new parameter is provided to signal sorting.
Radar Signal Intercept Receiver Technique

Intercept Receiver Model
The radar intercept receiver model is mainly based on the software radio design ideas that the high speed ADC will be as much as possible to close to the antenna. Because the frequency coverage range of radar signals is wide, from a hundreds of megahertz to tens of gigahertz, it is unable to realize radio frequency direct sampling for the current high speed ADC device. It is a feasible method that the signal is sampled after the radar signal is conversed to an intermediate frequency signal.
The RF front end is used to converse radar signal to intermediate frequency signal and the high speed ADC is used to sample intermediate frequency signal in radar signal intercept receiver model. The sampling rate of the high speed ADC can reach more than 1 GHz, so the radar signal intercept receiver which has 500 MHz instantaneous bandwidth can be realized based on band-pass sampling theory. In order to provide angle of arrival information to signal sorting, two antenna channels is used to measure. The two channels of azimuth antenna is adopted in the scheme and the azimuth angle information gotten by relevant calculation is used for signal sorting [2] .
Channelized Technology and Architecture
The channelized technology divides the instantaneous bandwidth multiple channels, which includes uniform channelized and non-uniform channelized in the signal processing part of the radar intercept receiver model, as shown in Fig. 1 . The uniform channelized technology is studied and analyzed in the paper. The data rate of output is higher due to the high speed ADC of 1 GHz sampling rate used. It will result that the subsequent signal processing can not process real time high speed data. The channelized technology adopts multiplexing parallel processing to descend signal processing rate to solve the real time processing problem between high speed sampling data and latter signal processing. In the design of channelized architecture, the traditional method adopts low pass sampling architecture. Every channel is mixed by digital local oscillator and filtered by low pass filter in the architecture [3] . The flexibility of the architecture is good, but the calculation of the architecture is large, especially when channel number is more and more, it will be difficult to realize. Therefore, a variety of efficient channelized architecture is derived from the low pass architecture according to different channel arrangement.
Assuming that the input signal is s(n), the low-pass filter impulse response is h(n), the channel number is K, the extraction ratio is D, polyphase filter structure can be derived from low-pass structure by taking account of the critical condition that K = D, the output of Channel K is [4, 5] 
Definition: The expression of polyphase structure after D times extraction is s p (m) = s(mD − p). The expression of multiphase component of the filter is h p (m) = h(mD + p).
The ω k expressions in above formula depend on the channel arrangement including odd arrangement and even arrangement. The different ω k expressions are substituted into formula (3) to get multiple efficient channelized architectures. A kind of efficient channelized architecture based on odd arrangement is used in the design [6] . The ω k expressions is
Let it into formula (3), is obtained
From the above derivation and the conversion process, we can obtain efficient channelized architecture based on odd arrangement, as shown in Fig. 1 . 
Measurement of Phase Difference and Carrier Frequency
As for the extraction of signal envelope and instantaneous phase, in the Channelized receiver it can be realized by the means of CORDIC algorithm in the vector mode. That is, according to I, Q from Channelized we solve the instantaneous phase ϕ(m) and signal envelope A(m), the relation formula will be [7, 8] 
Phase difference in frequency measurement mostly take advantage of the relationship between phase function ϕ(m) and frequency function f (m), that is
where T s is sampling period. The instantaneous phase of two channel subtract to get phase difference, which is ∆ϕ 
Simulation and Measurement of System
Simulation of Channelized Architecture
The channelized architecture based on odd arrangement is adopted and the sampling rate is 1 GHz, the instantaneous bandwidth is 500 MHz, the number of channels is 16, the bandwidth of the sub-band channel is 31.25 MHz. The input signals include the sine signal, whose carrier frequency is 44 MHz, the line frequency modulation signal, whose start frequency is 106 MHz and end frequency is 112 MHz, the double side band signal, whose center frequency is 400 MHz and modulation frequency is 0.6 MHz, the amplitude modulation, whose center frequency is 308 MHz and modulation frequency is 1 MHz. The output waveform in time domain is as shown in Fig. 2 . There are sixteen output channels which are the channel 0∼15. It can be seen according to channelized architecture based on odd arrangement that the output of the channel 1 is DSB signal, the output of the channel 6 is LFM signal, the output of the channel 7 is sine signal and the output of the channel 13 is AM signal. It is consistent to the channelized architecture based on odd arrangement. It shows that the results of simulation are correct.
Simulation of Digital Phase Demodulation
The channelized architecture based on odd arrangement is adopted and the sampling rate is 1 GHz, the instantaneous bandwidth is 500 MHz, the number of channels is 16, the bandwidth of the sub-band channel is 31.25 MHz. The input signal is LFM signal, whose start frequency is 106 MHz and end frequency is 112 MHz. The SNR is 20 dB. The initial phase of the first IF signal is 1 radian and the initial phase of the second IF signal is 0 radian. The number of sampling is 
Measurement of the Instantaneous Amplitude
The input signal power is 0 dBm, the signal waveform is pulse wave whose pulse width is 1 us and pulse repetition period is 10 us, the carrier frequency is 170 MHz. The instantaneous amplitude curves of all channels are shown in Fig. 5 .
The instantaneous amplitude curves show that 5 th channel has the output response when the carrier for the 170 MHz. The reason is that the frequency range of 5 th channel is from 156 MHz to 187.5 MHz. Since the input signal is pulse waveform, the instantaneous amplitude of 5 th channel is also pulse waveform, and the pulse width and the pulse repetition period are consistent with the input parameters. The above result proves that the channelied division is correct and the 
Measurement of the Carrier Frequency
When the input signal is sine waveform, and signal power is −5 dBm, the different frequencies is measured in the unambiguous band. The testing results are as shown in Table 1 . The carrier frequency measurement results show that the channelied division is correct and the measurement of the carrier frequency is also correct. The errors of the carrier frequency measurement may be from the quantized error or the sampling clock drifts.
Conclusions
The radar signal intercept receiver, which has 500 MHz instantaneous bandwidth, is proposed in the paper. The intercept receiver saves a large number of hardware resources and reduces the complexity and calculation of the system according to the channelized architecture based on odd arrangement used. It is suitable for engineering implement. The radar signal intercept receiver can receive multiple simultaneous signals and measure phase difference. It will provide new sorting parameter for signal sorting.
